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Description 

BACKGROUND OF THE INVENTION 

[0001] This Invention relates to a connection for drill 
pipe and more particularly, pin and box connectors dis- 
posed on the ends of tubular members for connecting 
the tubular members for the drilling of bore holes in the 
pipeline and utility industry. 

[0002] Drill strings are specifically designed for the in- 
stallation of telephone lines, fiber optic cable, sewage 
lines, water lines, and similar installations relating to util- 
ities for the pipeline and utility service industry. The typ- 
ical objective is to drill a bore hole from point A to point 
B, generally under some type of obstacle or structure 
forthe installation of a utility. Typically the bore hole dis- 
tance drilled is between 60 and 180 meter (200 and 600 
feet.) Also typically the bore hole is shallow and is gen- 
erally horizontal. 

[0003] In a typical drilling operation, a bit, such as a 
fishtail bit, is mounted on the end of the drill string with 
a transmitter located just behind the bit. The drill string 
is placed in compression and rotated to rotate and apply 
force on the bit to drill the bore hole. Fluids are circulated 
through the drill string and bit and then back up the an- 
nulus formed between the wall of the bore hole and drill 
string to moisten the earth through which the bit is drill- 
ing. This lessens the tendency for the drill string to stick 
in the bore hole. A hand-held receiver is located above 
ground to follow the transmitter and determine the ori- 
entation of the bit, i.e. inclination and azimuth. The op- 
erator then adjusts the orientation of the bit if the bit var- 
ies from the trajectory of the proper bore hole path be- 
tween points A and B. 

[0004] Once the bore hole is drilled under the obsta- 
cle, then the bit is removed and a reamer on a swivel is 
attached to the end of the drill string and the drill string 
and reamer are pulled back through the bore hole with 
the utility attached. The swivel is attached to the utility 
line such as a cablef or example. The drill string is placed 
in tension as the reamer pulled back through the bore 
hole with the utility attached. 
[0005] The operator minimizes the amount of fluid that 
is circulated through the drill string because too much 
fluid into the surrounding earth bore is undesirable. If 
too much fluid is circulated through and around the drill 
string, the fluid begins to wash out the sand, dirt, and 
earth causing a washout underneath the obstacle or 
structure, such as a highway or waterway, under which 
the bore hole is being drilled. Structural problems will be 
created if a void is formed underneath a highway or 
some other structure. 

[0006] Drill strings for the pipeline and utility industry 
are much different from that used in the oilfield. In oil 
field drilling, a drill string is used to drill a wide open bore 
hole. Drilling fluid is circulated to remove cuttings and 
cool the bit. Thus, it is important that the connections in 
the drill string be sealed from pressure and fluid. Typi- 



cally it is not important whether there is fluid leakage 
through the connection in a drill string for the pipeline 
and utility industry. Thus the connections between joints 
of drill pipe are not required to seal against pressure or 
5 fluids and heat and pressure are not of concern. The 
only pressure is the pump pressure for flowing drilling 
fluid. 

[0007] When designing the drill string and other relat- 
ed tubular goods for a particular drilling application, not 

10 only must the physical orientation of the drill string be 
taken into consideration, but also the desired use. The 
drill string may be placed in a horizontal orientation, or 
in a vertical orientation, or in a deviated position. The 
actual orientation depends on the type of application. 

15 [0008] The successful drilling of bore holes in the 
pipeline and utility industry requires the assembly of 
many individual tubular members into a drilling string. 
The actual assembly entails the make-up and torquing 
of individual tubular members. The actual drilling proc- 

20 ess involves multiple make-ups and breakdowns of the 
connections between individual tubular members of the 
drilling string. The number of makes and breaks de- 
pends upon the environment and the operator. Typically, 
a connection will be made up and broke out four or five 

25 times a day and could be as high as six or seven times 
a day. Thus, a connection between joints of pipe may 
have a 1 ,000 or more makes and breaks a year and 
therefore must be robust and rugged to withstand such 
use. Also, the assembly is performed very quickly since 

30 time considerations are very important. 

[0009] Design considerations for the connections for 
the drill string joints include, but are not necessarily lim- 
ited to, the repetitive coupling and uncoupling of the con- 
nections, torquing, bending, cyclic loading, fatigue, ten- 

35 sile loads, and compressive strength. The connection 
typically includes threaded pin and box connections. 
Document EP 0 713 952 B1 discloses threaded connec- 
tions for oil well pipes including integral types, in which 
a pin is formed on one end of a pipe and a box is formed 

40 on the other end and pairs of pipes are connected with 
each other, and coupling types in which a coupling hav- 
ing a box formed on each end is used and is connected 
to pipes having pins formed on both ends. More specif- 
ically threaded connections which comprise a pin having 

45 a male thread and a box having a female thread, each 
thread having a shape which is a buttress thread shaped 
and being tapered are disclosed there. The threads 
must be capable of making up easily with other threaded 
joints. The longevity of the individual thread is also very 

so important for several reasons. First, once a thread be- 
gins to deform, further deformation is usually exponen- 
tially increased thereafter. Second, once the thread has 
deteriorated, the entire drill string must be disregarded 
since the length of the drill string has very limited vari- 

55 ance. Third, failure of the thread while the drill string is 
in the process of actually drilling a bore hole will cause 
substantial monetary damage. The preceding list is 
meant to be only illustrative. . 
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[0010] Despite these designs, when a drill string 
member has a thread that is used in multiple applica- 
tions for the drilling of bore holes in the utility and pipe- 
line industries, the mating shoulders may become flared 
due to over torquing. Also, the prior art designs result in 
the thread profile becoming deformed which in turn 
causes the external and internal thread design profiles 
to lose their make-up capability and results in premature 
failure. Once deformation begins, continued use expo- 
nentially increases mating problems between cooperat- 
ing tubular members. Further, the pin and box are un- 
screwed, and thereafter, when made up again, the de- 
formation forces will only be enhanced. In other words, 
the multiple screwing and unscrewing of the connec- 
tions accelerates the deformation process so that once 
the deformation begins to occur, the process will there- 
after exponentially increase. 
[0011] Figure 1 illustrates a prior art connection and 
the inherent problem with multiple fastening and unfas- 
tening of prior art connections in the utility industry due 
to over torquing and cycling of the box and pin. The prior 
art connection typically includes a pin end 1 50 for mating 
with a box end 1 52. The pin end 1 50 includes an annular 
shoulder 154 which is perpendicular to the axis of the 
connection. A round thread external thread profile 156 
extends from shoulder 154 to an outer diameter 158. A 
radial terminal end 160, also perpendicular to the axis 
of the connection, extends from outer diameter 158 to 
an inner diameter 161. 

[0012] The box end 152 includes a radial terminal end 
1 62 having a surface which is perpendicular to the axis 
of the connection. A round thread internal profile 164 
extends from terminal end 162 to an internal surface 
166. A radial shoulder 168 extends from internal surface 
1 66 to the internal diameter 1 70 of the tubular member. 
[0013] As shown in Figure 1 , the radial terminal end 
162 has slid on shoulder 154 and become deformed. 
One cause for this deformation may be the over torquing 
of the box 1 52 and pin 1 50 ends whereby the radial end 
162 has been forced to slide outwardly on the face of 
shoulder 1 54 of the pin end 1 50. The forces thus applied 
may also deform the radial end 1 60 of the pin 1 50 such 
that the radial end 1 60 has been deformed, and in par- 
ticular, by the outer surface 158 and the matching inner 
surface 161 being expanded outward by the compres- 
sive action of the radial shoulder 168 being forced into 
the radial end 160. 

[0014] The pin and box are cut on a 5.08 cm (two inch) 
cone taper. When the pipe string is driven, the outside 
cone of the box as the string is placed in compression, 
the outside cone of the box tends to drive outward at the 
base of the pin. Thus you are tight at the small end and 
loose at the large end when placed in compression. 
Thus, as the connection is placed under stress and in- 
curs a cycling motion, the connection fatigues and 
breaks. The tubular members rocking on each other 
cause the connection to become loose. 
[0015] The over torquing situation will also cause the 



thread profiles to no longer match properly. Thus, as 
shown in Figure 1 , a first gap 1 72 and a second gap 1 74 
emerges. Of course, while Figure 1 represents two gaps 
172, 1 74, other gaps along the thread profile may in fact 

5 occur. . . 

[0016] Typically prior art connections include stand- 
ard API threads 176, 178 on the pin end 150 and box 
end 152, respectively, shown in Figure 1A. API threads 
have positive flank angles on both the stab flanks 151 

10 and load flanks 153. U.S. Patent 5,154,452 discloses a 
tubular connection for the oilfield having a S-shaped 
thread profile providing a reverse angle thread form to 
withstand severe tension placed on the connection dur- 
ing drilling. However, the connection has very little com- 

15 pression capability. 

[0017] Cyclic bending, also known as rocking, le. lat- 
eral forces allow the pin end 1 50 to move or slide relative 
to the box end 1 52 , is another cause of the flaring so as 
to form gaps 1 72, 1 74. Ideally, there should be no abrupt 

20 change in the direction of drilling. However, many appli- 
cations, such as deviated settings, produce several 
abrupt dog legs or kinks in the borehole due to the op- 
erator making abrupt changes in the direction of drilling. 
Abrupt changes in drilling trajectory causes tortuosity 

25 which is a term describing a borehole which has a twist- 
ed trajectory. Tortuosity substantially increases the cy- 
clic bending, torque and drag on the drill string. 
[001 8] As the pipe rotates and passes through a bend 
or an arch in the trajectory of the bore hole, the drill string 

30 bends causing the mating surfaces of the connection to 
slide back and forth particularly at the rotary shoulders. 
The smaller the radius of the bend in the bore hole, the 
greater fatigue that will be placed on the pin. As the drill 
string becomes deviated and twisted, the rocking within 

35 the thread profile will be exacerbated. As the deforma- 
tion increases, the rocking can only escalate. 
[0019] As the pipe string passes around obstacles in 
the drilling path, it passes through steep bend radiuses. 
As the pipe string passes through the multiple severe 

40 bend radiuses, a bend is placed on the connection caus- 
ing the threads to disengage on one side of the connec- 
tion. As the connection passes through other bends, the 
connection bends in the other direction. 
[0020] As the connection passes through these se- 

45 vere bends, the positive flank angles on the API threads 
176, 178 act as ramps causing the threads to further 
engage causing the connection to get tighter. The pos- 
itive thread flanks of the API thread allow rocking of the 
connection because the threads work into the roots. As 

so the connection is rocking, there is a ramping action be- 
tween the threads. This ramping action causes a yield- 
ing of the thread material and the thread member is 
stretched. The ramping of the threads cause yielding of 
the material and thus damage the connection. In other 

55 words, the thread material passes beyond its point of 
elasticity eventually causing the pin to be broken off. 
Rocking causes fatigue and pin breakage. 
[0021 ] Once the reamer isconnected to the end of the 
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drill string and Is being pulled back through the borehole, 
high tension is applied to the drill string and particularly 
the connections. As the reamer engages obstacles in 
the drilling path, bends and torque are placed on the 
connections causing the threads to open and close. As 5 
the threads are stretched apart, the connection is further 
tightened due to the torque placed on the string. 
[0022] Each time the drill string is rotated once, it is 
called a cycle. The drill string rotates three to four hun- 
dred cycles per minute during the drilling operation, w 
Each time the connection passes through a bend and 
rotates, the shoulders slide back and forth against each 
other. These repetitive cycles with sliding shoulders pro- 
vides a continuing fatigue at the mid-portion of the pin. 
This causes substantial stress and causes the pin to ^ 
break off at the connection. The pin tends to break near 
the base of the pin and is typical in the prior art joints. 
Once the pipe is rotated through an arch or bend in the 
bore hole, the terminal end of the box tends to slide away 
from the base of the pin. It tends to come apart as the 20 
two faces slide against each other. This causes the 
threads near the shoulder of the pin and the terminal 
end of the box to come apart. However, the connection 
continues to stay tight at the mid-portion of the threads. 
With the mid-threads holding tight and the shoulder of 25 
the pin and terminal end of the box rocking, the pin tends 
to break at the base. During one half of the cycle the pin 
is bent one way and then during the other half of the 
cycle it is bent the other way causing it to fatigue and 
break. This back and forth action causes tremendous so 
fatigue. The pin typically breaks after a few thousand 
cycles. A corkscrew bore hole places peculiar bends 
and cycles on the drill string which may well double the 
bend radius capacity of the joint. All of these factors in- 
duce rapid fatigue in the connection. 35 
[0023] Also, during the drilling process, a large 
amount of compressive force is placed on the drill string 
which tends to drive the terminal box end outwardly as 
the surfaces' slide. The greater this force, the greater 
the gap between the base of the pin and the terminal *o 
end of the box. However, the mid-portion of the threads 
remain tight. Then at every cycle, the counter-stretching 
back and forth begins to fatigue the connection. 
[0024] If the environment is very bad and if you have 
an inexperienced operator, the operator tends to over- 
compensate and steers too hard. An inexperienced op- 
erator also makes a direct turn with the drill string. Once 
the inexperienced operator realizes that he has turned 
the drill string too much, then he makes an abrupt turn 
in the other direction. This causes a tortuosity in the hole so 
being drilled. This places the drill string in a very serious 
bind as it is rotated through the bore hole. The number 
of cycles that the connection will last is diminished con- 
siderably. 

[0025] Another of the problems of the prior art con- ss 
nection is its ability to withstand high torque. The oper- 
ator often over torques the connections. An extreme 
amount of torque is applied to the connection as com- 
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pared to the small diameter of the pipe causing a large 
amount of torque to then be applied to a small diameter 
drilling string. Further, as the pipe string passes through 
severe multiple bends, high inertia torque is placed on 
the connections as the pipe string passes around obsta- 
cles and forms severe multiple bends. Thus, the con- 
nection must also withstand high inertia torque. 
[0026] In the oil field, the drilling operators are much 
more experienced and the distances being drilled are 
much greater. Also, more sophisticated equipment is 
used so that the drilling is more controlled. Further, ex- 
perts are continuously monitoring the drilling. In the util- 
ity industry, often the operators are inexperienced and 
force the drill string to achieve a bore hole from point A 
to point B and do not drill a smooth bore hole. Operators 
in drilling utility lines are more interested in getting the 
job completed than they are the wear and tear on their 
equipment. 

[0027] It is preferred to have no movement between 
the surfaces because when there is movement, fatigu- 
ing occurs. Once the surfaces begin to slip, then the 
stretching of the pin and box begins. The pin can absorb 
some stretching during the cycling of the drill string. If 
the stretch occurs within limits, fatigue does not set in. 
Once the stretching exceeds the limit, then the connec- 
tion begins to fatigue and will break. 
[0028] The connection of the present invention solves 
these and other problems and deficiencies of the prior 
art as will be more clear from the description of the ad- 
vantages, features and embodiments that follow. 

SUMMARY OF THE INVENTION 

[0029] The invention includes a tubular stringcontain- 
ing a first pipe having a pin connector and a second pipe 
having a box connector. The pin and box connectors 
have external and internal thread sets, respectively, 
which are adapted for threaded engagement upon 
make-up of the connection. 

[0030] The pin connector includes a thread set having 
run-out threads adjacent its base and full height threads 
extending from the run-out threads to the pin end, and 
the box connector includes a thread set with full height 
threads. The thread sets have threads with stab flanks 
with a positive flank angle and load flanks with negative 
flank angle. The stab flanks have crest corner radiuses 
and root corner radiuses for guiding the threads into the 
roots. The load flanks are made up of a pair of continu- 
ous radiuses extending from the crest to the root. The 
load flanks lock the pin and box connectors together up- 
on tension being applied to the connection. 
[0031] In the preferred embodiment, the pin connec- 
tor includes an external groove at the base of the exter- 
nal threads for receiving a protuberance on the terminal 
end of the box connector. The protuberance has a cross- 
section in the shape of a bull nose or radius which ex- 
tends across the terminal end of the box connector. The 
groove on the pin connector has a radius sized to re- 
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ceive the protuberance upon the make-up of the con- 
nection. The mating protuberance and groove form a 
non-sliding engagement to substantially eliminate the 
sliding between the mating groove and protuberance. 
[0032] In another embodiment, the pin and box con- 
nectors may include another non-sliding engagement 
between a protuberance and groove. The box end in- 
cludes an internal groove adapted for receiving a protu- 
berance on the terminal end of the pin connector. In this 
embodiment, there is effectively an external and internal 
groove and protuberance engagements on each con- 
nection: 

[0033] An advantage of the present invention includes 
having the groove on the box connector match the pro- 
tuberance on the pin connector. Another advantage in- 
cludes the control of the swelling out of the box connec- 
tor upon over-torquing and/or repetitive use. 
[0034] Another advantage is that the entire length of 
the thread profile is engaged. A further advantage is that 
the connection may be used with jdifferent size drill 
strings. Still yet another advantage is the quick make- 
up of the various joints as well as providing for multiple 
make-up and break-down during drilling. Another ad- 
vantage is that the thread life of the joint is increased. 
[0035] A feature of the present invention includes a 
protuberance adapted for cooperation with the shoulder 
groove that allows for more metal-to-metal contact be- 
tween the two joints thereby precluding flaring out of the 
box connector. The protuberance is generally in the form 
of an annular ring-like member having a bull nose cross- 
section. Another feature includes the protuberance be- 
ing located on the box connector and the groove being 
located on the pin connector. 
[0036] Yet another feature includes a second embod- 
iment wherein the protuberance is disposed on both box 
and pin connectors with cooperating grooves on both 
box and pin connectors. Still yet another feature in- 
cludes an embodiment wherein the protuberance is dis- 
posed on the pin connector only, and the groove is dis- 
posed on the box connector only. Still yet another fea- 
ture includes the invention is applicable to different 
types of threads and uses. 

[0037] One of the objectives of the present invention 
is to maximize the number of cycles of the pin connector 
by using a radius to reduce the sliding action of the box 
and pin rotary shoulders. The connection of the present 
invention, in typical use, will last a full year withstanding 
1 000 to 1 500 make ups and break outs without fatiguing 
the pin connector. It will also increases the life of the 
threads. 

[0038] The locking shoulders of the protuberance and 
groove take the compression and the thread sets of the 
connection take the tension. Sealing is not a concern 
' with this kind of pipe. The biggest concerns are tension 
and high torque. 

[0039] The negative flank angle of the load flanks 
locks the pin thread set and box thread set together in 
tension. Thus, the greater the tension placed on the con- 



nection, the greater the locking action between the load 
flanks of the threads. The negative flank angle not only 
prevents ramping but also increases the torque capacity 
of the connection and eliminates ramping such that 

5 there is no yielding and over torque. The radiused cor- 
ners of the threads also prevents fatigue. 
[0040] The negative flank angle and locking shoul- 
ders of the invention locks the connection together. 
Thus, there is less of a tendency for the thread sets to 

10 separate from each other. These features cause the 
threads to remain locked against each other thereby re- 
ducing the problem of yielding and over torque. Further, 
the load flanks and outer pin crests and box roots are 
also in locking engagement thereby increasing the 

is torque capacity of the connection. 

[0041] The flat thread roots and crests provide addi- 
tional torque due to a maximum taper cone surface con- 
tact when the threads are made up. The flat roots and 
crests also prevent rocking. 

20 [0042] The thread profile of the present invention ad- 
dresses ail of the critical elements of the working envi- 
ronment and the weaknesses of the prior art thread de- 
signs. The new thread profile prevents ramping, rocking 
and fatigue of the connection and also allows Increased 

25 torque and most importantly increase the life of the pipe. 
[0043] Other objects and advantages of the invention 
will appear from the following description. 

BRIEF DESCRIPTION OF THE PREFERRED 
30 EMBODIMENTS 

[0044] For a detailed description of a preferred em- 
bodiment of the invention, reference will now be made 
to the accompanying drawings wherein: 

35 

Figure 1 is a cross-sectional view of a prior art con- 
nection showing flared threads; 
Figure 1 A is a cross-sectional enlarged view of prior 
art API threads for the connection of Figure 1 ; 

40 Figure 2 is a cross-sectional view of a first preferred 
embodiment of the present invention; 
Figure 3 is a cross-sectional view of a second pre- 
ferred embodiment of the present invention; 
Figure 4 is a cross-sectional view of a third preferred 

45 embodiment of the present invention; 

Figure 5 is an illustrated view of three sections of a 
tubular string, with the individual tubular members 
having the connection shown in Figure 3 of the 
present invention; 

so Figure 6 is a cross-sectional view of the pin and box 
connectors of another preferred embodiment of the 
present invention; 

Figure 7 is a cross-sectional view of the pin and box 
connectors of Figure 6 in the engaged position; 
55 Figure 8 is across-sectional view of the pin and box 
connectors of a still another preferred embodiment 
of the present invention; 

Figure 9 is a cross-sectional view of the pin and box 
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connectors of Figure 8 in the engaged position; 
Figure 10 is an illustrated view of three sections of 
a tubular string, with the individual tubular members 
having the connection shown in Figures 6 and 7 of 
the present invention; 

Figure 11 is a cross-sectional view of the pin and 
box connectors of the present invention having a 
preferred embodiment of the thread sets of the con- 
nection of the present invention; 
Figure 12 is a cross-sectional view of the pin and 
box connectors of Figure 11 in the engaged posi- 
tion; 

Figure 13 is a cross-sectional view of the thread set 
on the box member of the connection shown in Fig- 
ure 11; 

Figure 14 is a cross-sectional view of the thread set 
on the pin member of the connection shown in Fig- 
ure 11; 

Figure 15 is an enlarged view of the threads shown 
in the engaged position in Figure 12; 
Figure 1 6 is an enlarged view of one of the pin and 
box threads of Figure 15 in the engaged position; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] Referring initially to Figure 2, there is shown a 
preferred embodiment of the connection of the present 
invention for connecting two pipes or tubular members 
for assembling a drill string. As will be understood by 
those of ordinary skill in the art, each tubular member 
has a first end being referred to as the pin and a second 
end being referred to as a box. Two tubular members 
are shown in Figure 2, a first tubular member 2 and a 
second tubular member 4. The first tubular member 2 
has at one end a pin connector 6 of the present invention 
while the second tubular member 4 has at one end a 
box connector 8 of the present invention. The pin con- 
nector 6 is adapted for threaded connection to the box 
connector 8 to form the connection of the present inven- 
tion as is hereinafter described in further detail. It should 
be appreciated, of course, that there is a box connector 
(not shown) on the other end of first tubular member 2 
and a pin connector (not shown) on the other end sec- 
ond tubular member 4. 

[0046] The first tubular member 2 is a generally cylin- 
drical member or pipe having an outer diameter 10 and 
an inner diameter 12 with the pin connector 6 of the 
present invention on its terminal end. The pin connector 
6 includes an outer annular shoulder 15 having an outer 
radial collar portion 14 and an adjacent inner annular 
groove 16 both facing in a direction which is generally 
transverse to the axis of the tubular member 2. An ex- 
ternal thread profile 20 extends from an outer cylindrical 
surface 1 8 at the base of groove 1 6 to an outer cylindri- 
cal surface 22 adjacent the radial terminal end 24 of tu- 
bular member 2. 

[0047] The second tubular member 4 is a generally 



cylindrical member or pipe having an outer diameter 28 
and an inner diameter 42 with the box connector 8 of 
the present invention on its terminal end. The box con- 
nector 8 includes an inner annular shoulder 40 facing in 

5 a direction which is generally transverse to the axis of 
the tubular member 4. An internal thread profile 36 ex- 
tends from an inner cylindrical surface 38 at the base of 
shoulder 40 to an inner cylindrical surface 34 adjacent 
the radial terminal end 30 of tubular member 4. 

10 [0048] The radial terminal end 35 includes a collar 
portion 30 and an adjacent protuberance 32 in the form 
of a ring-like annular member adapted for insertion into 
groove 16 upon the threaded engagement of pin con- 
nector 6 and box connector 8. It should be noted that 

15 the protuberance shown includes a cross-section in the 
shape of a knob or radius; however, other shapes may 
be used such as an angled surface and wherein the 
groove 16 is adapted to cooperate with the angled sur- 
face. Further, the length and radius of the protuberance 

20 32 may be varied, which in turn would vary the depth of 
the groove 16 with these variables being dependent on 
the amount of metal-to-metal surface contact desired. 
[0049] Various types of thread sets may be used with 
the present invention. These are discussed in detail with 

25 resect to Figures 11-16 below, 

[0050] In operation, pin connector 6 on tubular mem- 
ber 2 is stabbed into box connector 8 of tubular member 
4. Upon the engagement of the thread profiles 20, 36, 
one of the tubular members 2, 4 is rotated with respect 

30 to the other to threadingly engage the connectors 6, 8. 
As the threading engagement continues, annular protu- 
berance 32 is received into groove 16. As the connec- 
tion is fully made up, protuberance 32 is fully received 
by and landed within groove 16 and terminal end 24 

35 abuts annular shoulder 40. The surfaces of shoulder 15 
and radial terminal end 35 are then fully engaged to in- 
hibit sliding therebetween. The torque is then increased 
to fully make-up the connection. 
[0051] Referring now to Figure 3, there is shown an- 

40 other preferred embodiment of the connection of the 
present invention. In this alternative embodiment, a first 
tubular member 40 has at one end a pin connector 60 
of the present invention and a second tubular member 
42 has at one end a box connector 78. The pin connector 

45 60 is adapted for threaded connection to the box con- 
nector 78 to form the connection of the present invention 
as is hereinafter described in further detail. It should be 
appreciated, of course, thatthere is a box connector (not 
shown) on the other end of first tubular member 40 and 

so a pin connector (not shown) on the other end second 
tubular member 78. 

[0052] The first tubular member 40 is a generally cy- 
lindrical member or pipe having an outer diameter 62 
and an inner diameter 80 with the pin connector 60 of 
55 the present invention on its terminal end. The pin con- 
nector 60 includes an outer annular shoulder 65 having 
a radial collar portion 64 and an adjacent groove 66 both 
facing in a direction which is generally transverse to the 
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axis of the tubular member 40. The groove 66 termi- 
nates at diameter surface 68 of tubular member 40. An 
external thread profile 70 extends from cylindrical sur- 
face 68 at the base of groove 66 to cylindrical surface 
72 adjacent the radial terminal end 75 of tubular member 
40. 

[0053] The radial terminal end 75 includes a collar 
portion 76 and a protuberance 74 both which face in a 
direction generally transverse to the axis of tubular 
member 78. Protuberance 74 is a ring-like annular 
member having a cross-section in the shape of a knob 
or radius and adapted for insertion into groove 96 upon 
the threaded engagement of pin connector 60 and box 
connector 78 as hereinafter described. 
[0054] The second tubular member 42 is a generally 
cylindrical member or pipe having an outer diameter 82 
and an inner diameter 1 00 with the box connector 78 of 
the present invention on its terminal end. The box con- 
nector 78 includes an inner annular shoulder 95 having 
a collar portion 98 and an adjacent annular groove 96 
both which face in a direction generally transverse to the 
axis of tubular member 78. The collar portion 98 extends 
from the inner diameter 1 00 to the groove 96. An internal 
thread profile 90 extends from cylindrical surface 92 at 
the base of groove 96 to cylindrical surface 88 adjacent 
the radial terminal end 85 of tubular member 42. 
[0055] The radial terminal end 85 includes a collar 
portion 84 and a protuberance 86 which extends from 
the inner diameter surface 88 to collar portion 84 both 
which face in a direction generally transverse to the axis 
of tubular member 78. Protuberance 86 is a ring-like an- 
nular member having a cross-section in the shape of a 
knob or radius and adapted for insertion into groove 66 
upon the threaded engagement of pin connector 60 and 
box connector 78 as hereinafter described. 
[0056] In operation , pin connector 60 on tubular mem- 
ber 40 is stabbed into box connector 78 of tubular mem- 
ber 42. Upon the engagement of the thread profiles 70, 
90, one of the tubular members 40, 42 is rotated with 
respect to the other to threadingly engage the connec- 
tors 60, 78. As the threading engagement continues, an- 
nular protuberance 86 on box connector 78 is first re- 
ceived into groove 66 of pin connector 60 and then pro- 
tuberance 74 of pin connector 60 is received into groove 
96 of box connector 78. As the connection is fully made 
up, protuberance 86 is fully received by and landed with- 
in groove 66 and protuberance 74 is fully received into 
and landed within groove 96. The surfaces of shoulder 
65 fully engage radial terminal end 85 and the surfaces 
of shoulder 95 fully engage radial terminal end 75 to in- 
hibit sliding during drilling. Further collar portions 64, 84 
and 76, 98 are in abutting engagement. The torque is 
then increased to fully make-up the connection. 
[0057] Referring now to Figure 4, there is shown an- 
other preferred embodiment of the connection of the 
present invention. In this alternative embodiment, a first 
tubular member 1 02 has at one end a pin connector 1 1 0 
of the present invention and a second tubular member 



104 has at one end a box connector 128. The pin con- 
nector 1 1 0 is adapted for threaded connection to the box 
connector 128 to form the connection of the present in- 
vention as is hereinafter described in further detail. It 

5 should be appreciated, of course, that there is a box con- 
nector (not shown) on the other end of first tubular mem- 
ber 102 and a pin connector (not shown) on the other 
end second tubular member 1 02. 
[0058] The first tubular member 102 is a generally cy- 

10 lindrical member or pipe having an outer diameter 112 
and an inner diameter 126 with the pin connector 110 of 
the present invention on its terminal end. The pin con- 
nector 110 includes an outer annular shoulder 114 gen- 
erally perpendicular to the axis of the tubular member 

15 1 02. The shoulder 1 1 4 extends from outer diameter 1 1 2 
to cylindrical surface 1 1 6 of tubular member 1 02. An ex- 
ternal thread profile 1 1 8 extends from cylindrical surface 
116 at the base of shoulder 114 to cylindrical surface 
1 20 adjacent the radial terminal end 1 25 of tubular mem- 

20 ber102. 

[0059] The radial terminal end 125 includes a collar 
portion 124 and a protuberance 1 22 both which face in 
a direction generally transverse to the axis of tubular 
member 102. Protuberance 122 is a ring-like annular 

25 member having a cross-section in the shape of a knob 
or radius and adapted for insertion into groove 142 upon 
the threaded engagement of pin connector 11 0 and box 
connector 128 as hereinafter described. 
[0060] The second tubular member 1 28 is a generally 

30 cylindrical member or pipe having an outer diameter 1 30 
and an inner diameter 146 with the box connector 128 
of the present invention on its terminal end. The box con- 
nector 128 includes an inner annular shoulder 145 hav- 
ing a collar portion 144 and an adjacent annular groove 

35 1 42 both which face in a direction generally transverse 
to the axis of tubular member 104. The collar portion 
144 extends from the inner diameter 146 to the groove 
142. An internal thread profile 136 extends from cylin- 
drical surface 138 at the base of groove 142 to cylindri- 

40 cal surface 1 34 adjacent the radial terminal end 1 32 of 
tubular member 104. 

[0061] The radial terminal end 132 is an annular 
shoulder which is generally perpendicular to the axis of 
tubular member 104. Radial terminal end 132 is adapted 

45 for abutting engagement with shoulder 114 upon the 
threaded engagement of pin connector 110 and box 
connector 128 as hereinafter described. 
[0062] In operation, pin connector 110 on tubular 
member 1 02 is stabbed into box connector 1 28 of tubu- 

50 jar member 1 04. Upon the engagement of the thread 
profiles 118, 136, one of the tubular members 102, 104 
is rotated with respectto the other to threadingly engage 
the connectors 110, 128. As the threading engagement 
continues, annular protuberance 122 is received into 

55 groove 146. As the connection is fully made up, protu- 
berance 122 is fully received by and landed within 
groove 146 and terminal end 132 abuts annular shoul- 
der 11 4. The surfaces of shoulder 145 engage radial ter- 
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minal end 1 25 to inhibit sliding therebetween during drill- 
ing. The torque is then increased to fully make-up the 
connection. 

[0063] Referring now to Figure 5, there is shown a drill 
string 150 assembling tubular members 180, 182, 184 
and 186 having the preferred connection of Figure 3 of 
the present invention. It should be noted that like refer- 
ence numerals appearing in the various figures refer to 
like components. It should be appreciated that although 
the connection of Figure 3 is illustrated in Figure 5 that 
the connection of Figures 2 and 4 are also applicable. 
Tubular members 180, 182, 184 and 186 each have a 
pin connector 60 and box connector 78 on their respec- 
tive ends and are threadingly joined by thread profiles 
70, 90. For each connection of-pin connector 60 and box 
connector 78, annular protuberance 86 on box connec- 
tor 78 is received into groove 66 of pin connector 60 and 
protuberance 74 of pin connector 60 is received into 
groove 96 of box connector 78. The surfaces of shoulder 
65 fully engage radial terminal end 85 and the surfaces 
of shoulder 95 fully engage radial terminal end 75 to in- 
hibit sliding during drilling. Further collar portions 64, 84 
and 76, 98 are in abutting engagement. 
[0064] In the embodiments of Figures 2-5 of the 
present application, the protuberance was a thin annular 
ring-like member that was received into a grove to pre- 
vent sliding between the surfaces. In the embodiments 
to be described, the protuberance has a much larger ra- 
dius and extends across the shoulder and terminal end. 
A thin protuberance may become damaged in the field 
before it is fully made up into the groove. If the protu- 
berance becomes damaged, it will not fit properly into 
the groove. Further, the thin protuberance may be more 
difficult to manufacture. 

[0065] Referring now to Figures 6 and 7, there is 
shown another preferred embodiment of the connection 
of the present invention. In this alternative embodiment, 
a first tubular member 1 90 has at one end a pin connec- 
tor 192 of the present invention and a second tubular 
member 194 has at one end a box connector 196. The 
pin connector 192 is adapted for threaded connection 
to the box connector 1 96 to form the connection of the 
present invention as is hereinafter described in further 
detail. It should be appreciated, of course, that there is 
a box connector (not shown) on the other end of first 
tubular member 190 and a pin connector (not shown) 
on the other end second tubular member 194. 
[0066] The first tubular member 1 90 is a generally cy- 
lindrical member or pipe having an outer diameter 1 98 
and an inner diameter 200 with the pin connector 192 
of the present invention on its terminal end. The pin con- 
nector 1 92 includes an outer annular shoulder 202 hav- 
ing an annular groove or concave radiused surface 204 
facing in a direction which is generally transverse to the 
axis of the tubular member 1 90. The concave radiused 
surface 204 extends across the entire shoulder 202. The 
outer edge of concave radiused surface 204 is cham- 
fered at 206 and the inner edge of concave radiused 



surface 204 extends to cylindrical surface 208. There 
should be no sharp outer radial edge on concave radi- 
used groove 204 so that that outer edge is not bent in- 
wardly to prevent the convex radiused surface 228 from 

5 being received by concave radiused surface 204. 
[0067] An external thread profile 21 0 extends from cy- 
lindrical surface 208 at the base of concave radiused 
surface 204 to cylindrical surface 21 2 adjacent the radial 
terminal end 214 of tubular member 190. Preferably the 

io thread profile is a hook load thread 

[0068] The second tubular member 1 94 is a generally 
cylindrical member or pipe having an outer diameter 21 6 
and an inner diameter 21 8 with the box connector 1 96 
of the present invention on its terminal end. The box con- 

15 nector 196 includes an inner annular shoulder 220 fac- 
ing in a direction which is generally transverse to the 
axis of the tubular member 1 94. An internal thread pro- 
file 222 extends from cylindrical surface 224 at the base 
of shoulder 220 to the radial terminal end 226 of tubular 

20 member 1 94. It can be seen that thread reliefs are pro- 
vided for both thread profiles 21 0 and 222. 
[0069] The radial terminal end 226 includes a protu- 
berance or convex radiused surface 228 in the form of 
a ring-like annular member adapted for insertion into 

25 concave radiused surface 204 upon the threaded en- 
gagement of pin connector 1 92 and box connector 1 96 . 
Convex radiused surface 228 has a cross-section in the 
shape of a bull nose or arcuate radius. The radius of 
nose 228 extends across the entire terminal end of box 

30 1 96 and is slightly smaller, such as by a few thousandths 
of 2,5 cm (an inch), than the radius of the concave radi- 
used surface 204 at the base of the pin connector 192. 
Thus the inserting convex radiused surface 228 is a few 
thousandth's of 2,5 cm (an inch) smallerthan the receiv- 
es jng concave radiused surface 204. This allows the con- 
vex radiused surface 228 to easily be received by con- 
cave radiused surface 204. Further, the length and ra- 
dius of the convex radiused surface 228 may be varied, 
which in turn would vary the depth of concave radiused 

40 surface 204 with these variables being dependent on 
the amount of metal-to -metal surface contact desired. 
[0070] In operation, pin connector 192 on tubular 
member 1 90 is stabbed into box connector 1 96 of tubu- 
lar member 1 94. Upon the engagement of the thread 

45 profiles 21 0,222, one of the tubular members 190, 194 
is rotated with respect to the other to threadingly engage 
the connectors 192, 196. As the threading engagement 
continues, convex radiused surface 228 is received into 
concave radiused surface 204. As the connection is fully 

so made up, convex radiused surface 228 is fully received 
by and landed within concave radiused surface 204 to 
form a non-sliding radiused surface connection 21 5 and 
terminal end 21 4 abuts annular shoulder 220 to form an 
abutting shoulder connection 225. The radiused surf ac- 

55 es of shoulder 202 and radial terminal end 226 engage 
to Inhibit sliding during drilling. The torque is then in- 
creased to fully make-up the connection. 
[0071] Referring now to Figures 8 and 9, there is 
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shown still another preferred embodiment of the con- 
nection of the present invention. In this alternative em- 
bodiment, a first tubular member 230 has at one end a 
pin connector 232 of the present invention and a second 
tubular member 234 has at one. end a box connector 
236. The pin connector 232 is adapted for threaded con- 
nection to the box connector 236 to form the connection 
of the present invention as is hereinafter described in 
further detail. It should be appreciated, of course, that 
there is a box connector (not shown) on the other end 
of first tubular member 230 and a pin connector <not 
shown) on the other end second tubular member 234. 
[0072] The first tubular member 230 is a generally cy- 
lindrical member or pipe having an outer diameter 238 
and an inner diameter 240 with the pin connector 232 
of the present invention on its terminal end. The pin con- 
nector 232 includes an outer annular shoulder 242 hav- 
ing a groove or concave radiused surface 244 facing in 
a direction which is generally transverse to the axis of 
the tubular member 230. The concave radiused surface 
244 extends across the entire shoulder 242. The outer 
edge of concave radiused surface 244 is chamfered at 
246 and the inner edge of concave radiused surface 244 
extends to cylindrical surface 248. An external thread 
profile 250 extends from cylindrical surface 248 at the 
base of concave radiused surface 244 to cylindrical sur- 
face 252 adjacent the radial terminal end 254 of tubular 
member 40. 

[0073] The radial terminal end 254 includes a protu- 
berance or convex radiused surface 256 which faces in 
a direction generally transverse to the axis of tubular 
member 230. Convex radiused surface 256 is a ring-like 
annular member adapted for insertion into concave ra- 
diused surface 264, hereinafter described, upon the 
threaded engagement of pin connector 232 and box 
connector 236. Convex radiused surface 256 has a 
cross-section in the shape of a bull nose or arcuate ra- 
dius and extends across the entire terminal end 254 of 
pin connector 232. Convex radiused surface 256 is 
slightly smaller, such as by a few thousandths of 2,5 cm 
(an inch), than the radius of the concave radiused sur- 
face 264 at the base of the box connector 236. Thus the 
inserting radius 256 is a few thousandth's of 2,5 cm (an 
inch) smaller than the receiving radius 264. 
[0074] The second tubular member 234 is a generally 
cylindrical member or pipe having an outer diameter 258 
and an inner diameter 260 with the box connector 236 
of the present invention on its terminal end. The box con- 
nector 236 includes an inner annular shoulder 262 hav- 
ing a annular groove or concave radiused surface 264 
which faces in a direction generally transverse to the ax- 
is of tubular member 234. Concave radiused surface 
264 extends across the entire shoulder 262. The outer 
edge of concave radiused surface 264 is chamfered at 
266 and the inner edge of groove 264 extends to cylin- 
drical surface 268. An internal thread profile 270 ex- 
tends from cylindrical surface 268 at the base of groove 
264 to the radial terminal end 272 of tubular member 



234. 

[0075] The radial terminal end 272 includes a protu- 
berance or convex radiused surface 274 which extends 
from the end of thread profile 270 to diameter surface 

5 258 and faces in a direction generally transverse to the 
axis of tubular member 234. Convex radiused surface 
256 is a ring-like annular member adapted for insertion 
into concave radiused surface 264, hereinafter de- 
scribed, upon the threaded engagement of pinconnec- 

io tor 232 and box connector 236. Convex radiused sur- 
face 274 has a cross-section in the shape of a bull nose 
or arcuate radius. Convex radiused surface 274 extends 
across the entire terminal end 272 of box connector 236 
and is slightly smaller, such as by a few thousandths of 

15 2,5 cm (an inch) than the radius of concave radiused 
surface 244 at the base of the pin connector 232. Thus 
the inserting radius 274 is a few thousandth's of 2,5 cm 
(an inch) smaller than the receiving radius 244. 
[0076] In operation, pin connector 232 on tubular 

20 member 230 is stabbed into box connector 236 of tubu- 
lar member 234. Upon the engagement of the thread 
profiles 250, 270, one of the tubular members 230, 234 
is rotated with respectto the other to threadingly engage 
the connectors 232, 236. As the threading engagement 

25 continues, convex radiused surface 274 on box connec- 
tor 236 is first received by concave radiused surface 244 
of pin connector 232 and convex radiused surface 256 
of pin connector 232 is then received into concave radi- 
used surface 264 of box connector 236. As the connec- 

30 tion is fully made up, convex radiused surface 274 is 
fully received by and landed within concave radiused 
surface 244 to form a non-sliding radiused connection 
255 and convex radiused surface 256 is fully received 
by and landed in concave radiused surface 264 to form 

35 another non-sliding radiused connection 265. The 
torque is then increased to fully make-up the connec- 
tion. The radiused connections 255 and 265 inhibit slid- 
ing between the surfaces during drilling. 
[0077] Referring now to Figures 11 and 12, there is 

40 shown the preferred embodiment of the threads for the 
connection of the present invention. For purposes of il- 
lustration, the preferred threads are shown on an em- 
bodiment similar to that of Figures 6 and 7. A first tubular 
member 290 has at one end a pin connector 292 and a 

45 second tubular member 294 has at one end a box con- 
nector 296 with the pin connector 292 adapted for 
threaded connection to the box connector 296 to form 
the connection of the present invention as shown in Fig- 
ure 12. The pin connector 292 includes at its base an 

so outer annular shoulder 302 having a concave radiused 
surface 304 extending substantially across the entire 
shoulder 302. An external thread set 31 0 extends from 
cylindrical surface 308 at the base of concave radiused 
surface 304 to cylindrical surface 31 2 adjacent the radial 

55 terminal end 31 4 of pin connector 292. 

[0078] The second tubular member 294 includes at 
its base an inner annular shoulder 322. An internal 
thread set 320 extends from cylindrical surface 324 at 
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the base of box base shoulder 322 to the radial terminal 
end . 326 of box connector 296. The radial terminal end 
326 Includes a protuberance orconvex radiused surface 
328 In the form of a ring-like annular member adapted 
for Insertion into concave radiused surface 304 upon the 
threaded engagement of pin connector 292 and box 
connector 296. The radius of surface 328 extends 
across the entire terminal end of box 296 and is slightly 
smaller, such as by a few thousandths of 2,5 cm (an 
inch), than the radius of the concave radiused surface 
304 at the base of the pin connector 292. 
[0079] The thread set 31 0 on pin connector 292 pref- 
erably includes a section of run-out threads 330 extend- 
ing from cylindrical surface 308 to a section of full height 
threads 332 which extends to the cylindrical surface 3 1 2 
at pin terminal end 314. A section of run-out threads is 
understood to mean a portion of threads having their 
roots machined on a taper with respect to the longitudi- 
nal axis of the tubular member, but having their crests 
machined parallel to the longitudinal axis of the tubular 
member; gradually the construction (machining) helix of 
the crests and roots of the threads intersect and the 
thread disappears. 

[0080] The thread set 320 on box connector 296 in- 
cludes a section of full height threads 334 extending 
from box radial terminal end 326 to cylindrical surface 
324 at its base. The run-out threads 330 mate with the 
full height threads 334 on box connector 296. The run- 
out threads 330 at the base of the pin connector 292 are 
reduced height threads to allow the width of the shoulder 
302 to be maximized. If the straight line taper of the crest 
of the threads continues, the thickness of the shoulder 
is substantially reduced. The cylindrical section 308 of 
the threads near the base of the pin connector 292 al- 
lows an increase in the thickness of the locking shoulder 
302. A full run-out thread at the base of the pin connector 
292 is not used because that would substantially reduc- 
es the thread engagement of the connection. This is a 
comprise between providing strength in the locking 
shoulder 302 and sufficient thread engagement for high 
torque. There is sufficient thread engagement to permit 
the connection to withstand the shear placed on the con- 
nection. 

[0081] The initial thread 396 on the pin connector 292 
is beveled at 398 so that it is not a square thread. If there 
is a square thread for the initial thread, the stab flank of 
that initial thread would be damaged during stabbing. 
This would then damage the other threads during make 
up. Thus initial thread 396 provides a leading ramp 398 
for stabbing the pin connector 292 into the box connec- 
tor 296. 

[0082] Referring now to Figures 13 and 14, the pin 
and box threads sets 31 0, 320 are shown separated for 
purposes of description. A stab flank is "positive", when 
the thread angles away from the adjacent thread 
groove. A load flank, though generally angled with re- 
spect to the axis in the same direction as the stab flank, 
is "negative", when the thread angles over the adjacent 



thread groove. A thread flank angle is understood to 
mean the angle formed between the thread flank and a 
line which is perpendicular to the longitudinal axis of the 
connection. 

5 [0083] The pin thread set 310 on the pin connector 
292 have stab and load flanks 340, 350, respectively, 
which wind around the cone shaped pin connector 292 
in a helix starting from the end of the thread 396 closest 
to the pin terminal end 314 and, comparably, a box 

10 thread set 320 on the box connector 296 with stab and 
load flanks 342, 352, respectively, which wind around in 
a helix starting from the end of the thread closest to the 
box terminal radiused end 326 of the box connector296. 
A thread stab flank is understood to mean the more for- 

15 ward or leading flankof the thread when the pin member 
is telescoped into the box member and the thread load 
flank is understood to mean the trailing flank of a thread 
upon telescoping the pin connector 292 into the box con- 
nector 296. 

20 [0084] The thread sets 31 0, 320 on the pin connector 
292 and box connector 296 have crests 344, 354, re- 
spectively, and roots 346, 356, respectively. The thread 
crest is understood to mean the thread location at which 
the wall of the tubular member has been machined to 

25 its minimum depth and defines the major diameter of a 
pin thread and the minor diameter of a box thread and 
the thread root is understood to mean the thread loca- 
tion at which the wall of the tubular member has been 
machined to its maximum depth and defines the major 

30 diameter of the box thread and the minor diameter of 
the pin thread. The crests 344, 354 and roots 346, 356 
are flat and parallel to the axis 358 of the connection to 
allow a deeper and improved stabbing of the pin con- 
nector 292 into the box connector 296. A further advan- 

35 tage is the prevention of cross-threading by allowing the 
crests 344, 354 to slide over into the roots 346, 356. 
[0085] To increase the tensile efficiency of the con- 
nection, the thread profile is preferably a hook thread 
with the load flanks 350, 352 having a negative flank 

40 angle and the stab flanks 340, 342 having a positive 
flank angle. The compression efficiency of the connec- 
tion is provided by the engagement of the shoulders 
314,322 and 302, 326. 

[0086] The stab flanks 340, 342 preferably have a 
45 larger angle to the axis 358 of the connection, or more 
radial, then the load flanks 350, 352. The angle on the 
flanks is such that the load flanks 350, 352 are more 
nearly radial to the axis 358 of the connection then are 
the stab flanks 340, 342 to provide a crest width 364 that 
50 is slightly smaller than the root width or opening 366. 
[0087] The stab flanks 340, 342 have a larger positive 
flank angle 360, preferably about 20°, with the perpen- 
dicular 364 from the central axis 358 of the tubular mem- 
bers 290, 294. The load flanks 350, 352 have a smaller 
55 negative flank angle 362, preferably about 1 5° , with the 
perpendicular 364. 

[0088] The thread crests 344, 354 have a cross-sec- 
tional width 364 which is smallerthan the cross-section - 
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al width 366 of the thread roots 346, 356. The width 364 
and width 366 is measured between regular stab flanks 
340, 342 and load flanks 350, 352, respectively. The 
width 364 of the crests 344, 354 is approximately 0,15 
mm (0.006 inches) less than the width 366 of the roots 
346, 356 to provide clearance between the threads and 
the grooves. A clearance is required between the stab 
flank 340, 350 to allow sufficient opening at the mouth 
of the root to permit the negative load flanks 342, 352 
to be inserted into the roots 346, 356. With the stab crest 
corner chamfers 370, 372 in initial engagement to prop- 
erly align the crests 344, 354 with the roots 346, 356, 
this clearance is sufficient to allow the threads to move 
into the grooves as they are rotation ally assembled. 
[0089] The stab flanks 340, 342 preferably have stab 
crest corner radiuses 370, 372 and stab root corner ra- 
diuses 374, 376 with a tapered flank portion 378, 380, 
therebetween, respectively. The stab crest corner radi- 
uses 370, 372 are larger than the stab root corner radi- 
uses 374, 376. It is desirable for a larger radius to pass 
into a smaller radius to avoid the threads from locking 
up. The differential radius also forms a gap or clearance 
392 between the stab crest corner radiuses 370, 372 
and the stab root corner radiuses 374, 376 allowing for- 
eign matter such as thread compound to be housed in 
the clearance 392. The stab crest corner radiuses 370, 
372 allow the crests 344, 354 to slide into the roots 346, 
356 with very minimum clearance and to translate into 
the openings 366 of the roots 346, 356 without binding 
as a result of any miss-alignment, eccentricities or other 
deviation of actual pipe from perfect cylinders. As the 
connection is made up, the threads move into the ac- 
commodating grooves because as one member is ro- 
tated with respect to the other, the diameter of the pin 
threads becomes larger and the diameter of the box 
threads smaller (as a function of the taper of the respec- 
tive cones) causing the crests 344, 354 to move toward 
and into the openings 366 of the roots 346, 356. The 
crest corner radiuses 370, 372 ensure that there is ad- 
equate travel clearance to stab the threads into the 
grooves, move the threads to the openings of the 
grooves and then guide the threads into the grooves, 
[0090] The stab crest corner radiuses 370, 372 pref- 
erably also have a "positive" angle to help self-center 
the advancing pin connector 292 into the box connector 
296 without unnecessarily engaging the edges of the 
threads as described in U. S. Patent 5,462,315. The 
stab crest corner radiuses 370, 372 on the full height 
threads allow several of the threads on the pin connector 
292 and box connector 296 to be in engagement and 
alignment prior to rotational assembly. Desirably, at 
least half of the threads are so engaged. Preferably the 
pin connector 292 is inserted at approximately 65% to 
70% of the depth of the box connector 296 to allow a 
very deep stab before the initial engagement of the 
threads. 

[0091] The pin crests 344 and box roots 356 have a 
radial interference at 382. The box crests 354 and pin 



roots 346 have a clearance 402 of approximately 0,05 
mm (0.002 of an inch.) 0,05mm (0.002 of an inch) clear- 
ance between the box crests 354 and pin roots 346 is 
required to provide adequate tolerance for cutting the 
5 threads during manufacture. Depending upon the actual 
dimensions, there may be no clearance between the 
box crests 354 and pin roots 346. In a power tight work- 
ing condition, the box crests 354 engage the pin roots 
346. 

10 [0092] Referring now to Figures 1 3-1 6, the load flanks 
350, 352 are made up of a load crest radius 384, 386 
and a load root radius 388, 390. The load crest radiuses 
384, 386 and load root radiuses 388, 390 preferably 
have the same radius and may have the same radius 

15 as the stab root corner radiuses 374, 376. There is no 
flank or flat in between the radiuses on the load flanks 
350, 352 since the load crest radiuses 384, 386 continue 
into the root radiuses 388, 390, respectively, to form a 
generally S-shape on the load flanks 350, 352. The crest 

20 radiuses 384, 386 are preferably as large as possible to 
avoid a sharp comer during make-up causing the 
threads to break. As best shown in Figures 15 and 16, 
the load flanks 342, 352 form locking hook threads 
which prevent separation upon tension being placed on 

25 the connection. Figures 1 5 and 1 6 show the stab flanks 
340, 342 and load flanks 350, 352 in the final made-up 
position. 

[0093] The following is a description of the sequential 
make-up of the connection of the present invention. The 

30 assembly process begins by stabbing the pin connector 
292 into the box connector 296. The external conical 
shape of the pin connector 292 and the internal conical 
shape of the box connector 296 initiates the alignment 
of the pin connector 292 within the box connector 296. 

35 The stab crest corner radiuses 370, 372 on stab flanks 
340, 350, respectively, engage after the box connector 
292 has received at least half to three-quarters of the 
. pin connector 292. At this stage, the stab flanks 340, 
350 are just touching. The depth of the stab can be reg- 

40 ulated by the taper and pitch of the threads. The engage- 
ment of the stab crest corner radiuses 370, 372 further 
self-aligns the pin connector 292 within the box connec- 
tor 296. 

[0094] The engagement and alignment of the stab 
45 crest corner radiuses 370, 372 shifts the pin connector 
292 forward within the box connector 296 to provide the 
necessary stabbing clearance and permit the threads 
on the pin and box connectors 292, 296 to be moved to 
and received in the openings of the respective accom- 
so modating openings 366 on the corresponding box and 
pin connectors 292, 296. The convex radiused surface 
328 of box radial terminal end 326 has not yet engaged 
pin concave radiused surface 304 and pin terminal end 
314 has not yet engaged box inner annular shoulder 
55 322. 

[0095] After the initial stab, the threads ride into the 
roots on the stab flanks until the shoulders engage. Up- 
on engagement of the shoulders, additional torque shifts 
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the engagement of threads from the stab flanks to the 
load flanks. The shoulders and additional torque drive 
the load flanks together. The high torque on the load 
flanks then allows for the application of high tension to 
the string. 

[0096] After the initial contact of the stab crest corner 
radiuses 370, 372, one of the tubular members 290, 294 
is rotated with respect to the other with the stab flanks 
340, 342 moving into engagement. Rotation at very low 
torque moves the threads of the pin and box connectors 
292, 296 from the stab position to the guide position. As 
this torque is applied, the connection moves both axially 
and radially together as the connection makes up. Dur- 
ing the initial revolutions or rotations of one member with 
respect to the other member, the threads travel toward 
the mouths 366 of the roots 346, 356 and the stab crest 
corner radiuses 370, 372 guide the flat flanks 378, 380 
on stab flanks 340, 350 into engagement. The guidance 
by the stab crest corner radiuses 370, 372 stops after 
there have been a sufficient number of rotations where- 
by the thread diameter has increased a distance equal 
to the step height between adjacent threads. The crests 
344, 354 have now been received by the accommodat- 
ing grooves 366 of roots 346, 356. Initially only the stab 
flanks 340, 350 are in contact. The load flanks 342, 352 
have a clearance therebetween. 
[0097] As additional rotation occurs, the threads are 
guided by flat flanks 378, 380 into the roots 346, 356 
with the threads still riding on the stab flanks 340, 350. 
The pin connector 292 rotates freely within the box con- 
nector 296 because there is little or no interfering sur- 
faces either in the threads or in the shoulders. This rel- 
atively free rotation continues until the box convex radi- 
used surface 328 engages the pin concave radiused 
surface 304 and the pin radial terminal end 31 4 engages 
the box inner annular shoulder 322. This is the initial 
interference between the pin connector 292 and box 
connector 296. Power tight torque cannot be applied to 
the connection until there some interference. 
[0098] Once the shoulders 326, 302 and 31 4, 322 en- 
gage, the load begins to shifts from the stab flanks 340, 
342 to the load flanks 342, 352. This shift is also caused 
by thread interference developing between the pin and 
box thread sets 310, 320. As the contact is transferred 
from the stab flanks 340, 350 to the load flanks 342, 352, 
the torque begins to increase because of the contact be- 
tween the terminal ends 328, 304 and 314, 322 of the 
pin member 290 and box member 294, respectively, and 
the contact between the load flanks 342, 352. 
[0099] The shift of the threads from stab-flank en- 
gagement to load-flank engagement causes a clear- 
ance 400 between stab flanks 340, 350. Thus, power 
tight torque must be applied to continue the rotational 
make-up of the connectors292, 296 which in turn forces 
a change in flank contact from stab flanks 340, 350 to 
the load flanks 342, 352 of the threads. In other words, 
load flank contact is required to drive, i.e. power torque, 
the interfering pin and box connectors 292, 296 togeth- 



er. 

[0100] As the connection is fully made up, convex ra- 
diused surface 328 is fully received by and landed within 
concave radiused surface 304 to form a non-sliding ra- 
5 diused surface connection 315 and terminal end 314 
abuts annular shoulder 322 to form an abutting shoulder 
connection 325. The radiused surfaces of shoulder 302 
and radial terminal end 326 engage to inhibit sliding dur- 
ing drilling. 

10 [0101] In the final make-up, full power tight position, 
additional applied make-up torque then seats the box 
convex radiused surface 328 into the pin concave radi- 
used surface 304. The threads minimally interfere with 
the complementary mating threads until nearly fully as- 

15 sembled. As additional torque is placed on the connec-. 
tion, the interference contact areas between the pin 
crests 344 and the box roots 356 increases. After the 
radiused surface 304 and convex radiused surface 328 
are driven together, the box member root 356/pin mem- 

20 ber crest 344 interferingly engage and the pin member 
root 346/box member crest 354 may interferingly en- 
gage depending on the combination of wall thickness 
and tolerances of the particular connection. The more 
torsion that is applied, the greater the interference. 

25 [0102] The shoulders 314, 322 and 302, 326 of the 
connection take the compression and the thread sets 
310, 320 of the connection take the tension. Sealing is 
not a concern with this kind of pipe. The biggest con- 
cerns are tension and high torque. 

30 [0103] The negative flank angle 360 of the load flanks 
350, 352 locks the pin thread set 310 and box thread 
set 320 together in tension .Thus, the greater the tension 
placed on the connection, the greater the locking action 
between the load flanks 350, 352 of the threads. The 

35 negative flank angle no only prevents ramping but also 
increases the torque capacity of the connection and 
eliminates ramping such that there is no yielding and 
over torque. The maximized radiused corners of the 
threads also prevents fatigue. 

40 [0104] The negative flank angle 360 and, locking 
shoulders 302, 328 of the invention locks the connection 
together. Thus, there is less of a tendency for the thread 
sets 310, 320 to separate from each other. These fea- 
tures cause the threads to remain locked against each 

45 other thereby reducing the problem of yielding and over 
torque. Further, the load flanks 350, 352 and outer pin 
crest 344 and box root 356 are also in locking engage- 
ment thereby increasing the torque capacity of the con- 
nection. 

50 [0105] The flat roots 346, 356 and crests 344, 354 pro- 
vide additional torque due to a maximum taper cone sur- 
face contact when the threads are made up. The flat 
roots 346, 356 and crests 344, 354 also prevents rock- 
ing. 

55 . [0106] The thread profile of the present invention ad- 
dresses all of the critical elements of the working envi- 
ronment and the weaknesses of the prior art thread de- 
signs. The new thread profile prevents ramping, rocking 
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and fatigue of the connection and also allows increased 
torque and most importantly increase the life of the pipe. 
[0107] It should be appreciated that the connection of 
the present invention may be used with otherthread pro- 
files. Further, the locking shoulders 320, 328 could be 
used with a standard thread. 
[0108] Other types of threads which may be used with 
the connection of the present invention include a stand- 
ard 30° V thread with a radius root and a radius crest, 
a thread with a 46° angle on the stab flank and a 30° 
angle on the load flank, or a thread with a 3 or 4° reverse 
angle load flank (a hook load flank) and a 7° stab flank. 
It is preferred in a multi-make-up type connection that 
the threads have a steep taper typically starting at 17 
cm per meter (two inches per foot.) With a steep taper, 
the pin member stabs deeper into the box member be- 
fore engagement of the threads thereby requiring less 
time for make-up. This also lessens wear on the threads. 
[01 09] The hook load thread is by far the better con- 
nection once made up because it tends to prevent slid- 
ing between the surfaces of shoulder and radial terminal 
end. However, the hook load thread does not wear as 
well as the V thread because of the large number of 
makes and breaks of the connection. 
[0110] Other types of threads may also be used in the 
connection. It should be understood that any type of a 
quick, robust, industry standard thread may be used. 
The connection may use a square thread, a hook load 
thread, or a V type thread. Other types of thread profiles 
applicable to the present invention include buttress, ac- 
me, premium, and other types of threads. The threads 
are typically dictated by the customer. 
[0111] Referring now to Figure 10, there is shown a 
drill string 278 assembling tubular members 280, 282, 
284 and 286 having the preferred connection of Figures 
6 and 7 of the present invention. It should be noted that 
like reference numerals appearing in the various figures 
refer to like components. It should be appreciated that 
although the connection of Figures 6 and 7 is illustrated 
in Figure 10 that the connection of Figures 8 and 9 is 
also applicable. Tubular members 280, 282, 284 and 
286 each have a pin connector 192 and box connector 
196 on their respective ends and are threadingly joined 
by thread profiles 210, 222. For each connection of pin 
connector 1 92 and box connector 1 96, convex radiused 
surface protuberance 228 on box connector 196 is re- 
ceived into concave radiused surface 204 of pin con- 
nector 1 92 to form a rotary non-sliding radiused connec- 
tion 215 and abutting shoulde 214 of pin connector 192 
is abuts shoulder 220 of box connector 196 to form an 
abutting shoulder connection 225. 
[01 1 2] Referring now to Figures 11-16, there is shown 
the preferred threads for the connection of the present 
invention. 

[01 1 3] The contoured concave and convex radiused 
surfaces provide a much greater contact surface than 
that of the prior art. Because there is more metal-to- met- 
al contact and the mass of the metal is increased, there 



is less tendency for the two contoured radiused surfaces 
to slide against each other during over-torquing and cy- 
clic bending. The engaging contoured radiused surfac- 
es act like mating bearing surfaces. The radiusd shoul- 

5 ders of the embodiments of Figures 6-1 0 tend not to lock 
but prevent the shoulders from sliding back and forth 
against each other as the pipe bends. This minimizes 
the yielding of the terminal end of the box connector dur- 
ing the cycling motion of the drill string. 

10 [0114] Upon make-up, the terminal end of the box 
connector engages the outer shoulder of the pin con- 
nector first and then after a further travel of a few thou- 
sandths of 2,5 cm (an inch), the terminal end of the pin 
connector engages the inner shoulder of the box con- 

is nector upon full make-up. Thus, the terminal end of the 
box connector and the outer shoulder on the pin con- 
nector will give upon full make-up. Although there is in- 
terference, it is not the type of planned interference, 
such as in an oil field premium connection, where a met- 

20 al-to-metal seal is formed for sealing fluid pressure. The 
objective of landing the terminal end of the box connec- 
tor first is to take some compression off of the pin con- 
nector which tends to be the member that yields first. 
[0115] Increased torque is applied to the connection 

25 of the present invention in order to properly engage the 
thread profiles and join the cooperating shoulders to- 
gether. The preferred amount of torque depends upon 
the size of the connection. For example, the present in- 
vention is typically used on pipe sizes of 60,3 mm (2 

30 3/8 th 's) and larger. A 60,3 mm (2 3/8 m 's inch) size has a 
preferred torque 3252 to 3387 Nm (2,400 to 2,500 foot- 
pounds). 

[01 1 6] In the drilling operation, the drill string is placed 
into a bore hole with a high deviation. Further, it should 

35 be appreciated that the number of joined tubular mem- 
bers maybe several thousand. Therefore, the forces ap- 
plied to the various pin and box connections is very sig- 
nificant. The connection of the present invention as- 
sures that the thread profiles are engaged. Further, the 

40 buckling forces are controlled by the mating radiused 
surfaces and the mating collar portions and shoulders. 
Also, the tubular members can then be used to pull a 
reamer back through the bore hole. The tubular mem- 
bers may be used multiple times. 

45 [0117] The connection of the present invention solves 
the prior art problems and deficiencies by having a sin- 
gle convex radiused surface located on the pin connec- 
tor, or a single convex radiused surface located on the 
box, or having a convex radiused surface located on 

so both the box and pin connectors. The mating radiused 
shoulders keeps the pin or box connectors from expand- 
ing as opposed to prior art connections. The convex ra- 
diused surface is adapted for cooperation with the con- 
cave radiused surface which in turn allows for more met- 

55 al-to-metal contact between the two tubular members 
which provides more metal to strength the connection 
thereby precluding flaring out of the box. Further, the 
thread profiles are kept properly engaged thereby pre- 
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venting the rocking seen in prior art connections. More- 
over, even If the terminal end of the box connector flares, 
the thread profiles will be kept engaged. This allows for 
multiple uses and prevents the failure of the pin connec- 
tor while the drill string is in use. 
[0118] Changes and modifications in the specifically 
described embodiments can be carried out without de- 
parting from the scope of the invention which is intended 
to be limited only by the scope of the appended claims. 



Claims 

1 . A tubular drill string comprising: 

a first pipe and a second pipe having inner (12, 
200, 42, 218) and outer (10, 198, 28, 216) di- 
ameters; 

a pin end on said first pipe having a first shoul- 
der (15, 202, 302), first threads with negative 
load flanks (350) and positive stab flanks (340), 
and a first radial end (24, 214, 314), said first 
shoulder having a first collar (30, 206) and a 
first groove (16, 204, 304) with a first surface; 
a box end on said second pipe having a second 
radial end (35, 226, 326), second threads with 
negative load flanks (352) and positive stab 
flanks (342) for threadingly engaging said first 
threads, and a second shoulder (40, 220, 322), 
said second radial end having a second collar 
(20) and a second protruding member {32, 228, 
328) with a second surface positioned on said 
box end of said second pipe to be received by 
said first groove on said pin end upon make-up 
of the connection; said first and second surfac- 
es being radiused to increase surface contact 
between said pin and box ends as torque is ap- 
plied upon make-up; and said first radial end 
abutting said second shoulder upon make-up. 

2. The tubular drill string of claim 1 wherein said first 
and second collars (30, 206, 20) abut upon makeup. 

3. The tubular drill string of claim 2 wherein said sec- 
ond shoulder (40, 220, 322) includes a third collar 
and a second groove having a third surface and said 
first radial end has a fourth collar and a first protrud- 
ing member with a fourth surface, said third and 
fourth surfaces being radiused to increase surface 
contact between said pin and box ends as torque is 
applied upon make-up. 

4. The tubular drill string of claim 3 wherein said third 
and fourth collars abut upon make-up. 

5. A connection comprising: 

a pin connector (6, 60, 110, 192, 232,292) hav- 



ing external tapered threads with negative load 
flanks and positive stab flanks; 
a box connector (8, 78, 1 28, 186, 236, 296) hav- 
ing internal tapered threads with negative load 
5 flanks and positive stab flanks; 

characterized In that 

said pin connector having a terminal end (24, 75, 
125, 214, 254, 314) and a shoulder (15, 65, 114, 
w 202, 242, 302), at least one of said pin connector 
terminal end and said pin connector shoulder hav- 
ing a radiused surface (16, 74, 66, 122, 204, 256, 
304); 

said box connector having a terminal end (35, 85, 
15 132, 226, 272, 326) and a shoulder (40, 95, 145, 
220, 262, 322), at least one of said box connector 
terminal end and said box connector shoulder hav- 
ing a radiused surface (32, 86, 96, 142, 228, 274, 
328); and 

20 said radiused surface(s) of said pin connector ter- 
minal end and/or shoulder engaging upon makeup 
with said radiused surface(s) of said box connector 
shoulder and/or terminal end, respectively. 

25 6. The connection of claim 5 wherein said radiused 
surface (16, 74, 66, 122, 204, 256, 304, 32, 86, 96, 
1 42, 228, 274, 328) is concave or convex. 

7. The connection of claim 6 wherein said convex ra- 
30 diused surface is formed by a proturberance (32, 
74, 86, 122, 228, 256, 274, 328) and said concave 
radiused surface is formed by a groove (16, 66, 96, 
142,146, 204, 244, 264). 

35 8. The connection of one of claim 1-7 wherein said 
positive flank angle (360) is greater than said neg- 
ative flank angle (362). 

9. The connection of one of claim 1-8 wherein said 
40 negative flank angle (362) is approximately 1 5° and 

said positive flank angle (360) is approximately 20°. 

10. The connection of one of claims 5-9 further includ- 
ing a clearance (392) of at least 0,15 mm (0.006 

45 inches) between said load flanks (350) upon stab- 
bing said pin connector into said box connector. 

11. The connection of one of the preceding claims fur- 
ther including that said load flanks (350, 352) have 

so a continuous radiused forming S-shape. 

12. A method of making up a tubular connection, com- 
prising: 

55 stabbing a threaded pin member (292) into a 

threaded box member (296); engaging comer 
radiuses (370, 372, 374, 376) on the stab flanks 
of the pin and box threads; 



14 



27 



EP 1 200 704 B1 



28 



cyclingly bending the connections as the drilt 
string passes through tortuous portions of the 
borehole; 

maintaining the engagement of the locking 
5 shoulders and load flanks during cyclic bend- 

ing; 

attaching a reamer onto the drill string; 
pulling the reamer on the drill string back 
through the borehole; and 
w absorbing tension on the drill string at the load 

flanks as the reamer is pulled back through the 
borehole. 



15 PatentansprQche 



forming a clearance (392, 400) between said 
threads; 

rotating the pin and box members relative to 
each other; guiding said threads on the pin and 
box member within accommodating grooves on 
the corresponding pin and box member; 
engaging radiused surfaces (328, 304) on an 
end of the box member (326) and a base (302) 
of the pin member; 

shifting load from the stab flanks (340, 342) to 
the load flanks (350, 352) on the threads; and 
locking up the radiused surfaces (328, 304). 

13. The method of claim 12 further including centering 
the pin member (292) within the box member <296). 

14. The method of claim 12 further including stabbing 
the pin member (292) at least half way into the box 
member (296) before the corner radiuses (370, 372, 
374, 376) engage. 

15. The method of claim 12 further including engaging 
the stab flanks (340, 342) and not engaging the load 
flanks (350, 352) as the threads are guided into the 
grooves. 

16. The method of claim 12 wherein the engagement 
of said radiused surfaces (328, 304) causes the 
load to shift from the stab flanks (340, 342) to the 
load flanks (350, 352). 

17. The method of claim 12 further including forming a 
locking shoulder between the pin base (302) and 
box end (326). 

18. The method of claim 12 further including engaging 
the pin end (31 2) and box base (322) to form a lock- 
ing shoulder. 

19. A method for drilling a borehole, comprising: 

connecting a plurality of tubular members (1 80, 
182, 184, 186, 280, 282, 284, 286) into a drill 
string (150, 278), each having a threaded pin 
connector (60, 192) and a threaded box con- 
nector (78, 196); 

engaging the threads of adjacent pin and box 
connectors to connect adjacent tubular mem- 
bers; 

engaging at least one set of locking shoulders 
(65, 202, 95, 220) on the pin and box connec- 
tors at each connection; 
engaging hook load flanks on the threads of the 
pin and box connectors; rotating and driving the 
drill string to drill the borehole; 
absorbing compression on the drill string at the 
locking shoulders as the drill string is driven into 
the borehole; 



1 . Rohrformiges Bohrgestange versehen mit: 

einem ersten Rohr und einem zweiten Rohr mit 
20 Innendurchmessem (12, 200, 42, 21 8) und Au- 

3endurchmessern (10, 198, 28, 216), 

wobei ein Einfuhrende an dem ersten Rohr eine er- 
ste Schulter (15, 202, 302), erste Gewinde mit ne- 

25 gativen Lastflanken (350) und positiven Einfuhrflan- 
ken (340), sowie ein erstes radiales Ende (24, 214, 
31 4) aufweist, wobei die erste Schulter einen ersten 
Bund (14, 206) und eine erste Nut (1 6,204, 304) mit 
einer ersten Oberflache aufweist; 

30 wobei ein Auf nahmeende an dem zweiten Rohr ein 
zweites radiales Ende (35, 226, 326), zweite Ge- 
winde mit negativen Lastflanken (352) und positi- 
ven Einfuhrflanken (342) fur einen Schraubeingriff 
mit den ersten Gewinden, sowie eine zweite Schul- 

35 ter (40, 220, 322) aufweist, wobei das zweite radiale 
Ende einen zweiten Bund (30) und ein zweites vor- 
stehendes Teil (32, 228, 328) aufweist, wobei eine 
an dem Auf nahmeende des zweiten Rohrs ange- 
ordnete zweite Oberflache von der ersten Nut an 

40 dem Einfuhrende aufgenommen wird, wenn eine 
Verbindung hergestellt wird; wobei die erste und die 
zweite Oberflache Radien aufweisen, urn den Ober- 
flachenkontakt zwischen dem Einfuhrende und 
dem Aufnahmeende zu vergroBern, wenn beim 

45 Verschrauben ein Drehmoment aufgebracht wird; 
und wobei im verschraubten Zustand das erste ra- 
diale Ende gegen die zweite Schulter ansteht. 

2. Rohrformiges Bohrgestange gemaB Anspruch 1 , 
so bei welchem der erste und der zweite Bund (14, 

206, 30) im verschraubten Zustand gegeneinander 
anstehen. 

. 3. Rohrformiges Bohrgestange gemaB Anspruch 2, 
55 bei welchem die zweite Schulter (40, 220, 322) ei- 
nen dritten Bund und eine zweite Nut mit einer drit- 
ten Oberflache aufweist und das erste radiale Ende 
einen vierten Bund und ein erstes vorstehendes 
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Bauteil mit einer vierten Oberflache aufweist, wobei 
die dritte und die vierte Oberflache Radien aufwei- 
sen, urn den Oberflachenkontakt zwischen dem 
Einfiihrende und dem Aufnahmeende zu vergrd- 
Bern, wenn beim Verschrauben Drehmoment auf- 
gebracht wird. 

4. Rohrformiges Bohrgestange gemaB Anspruch 3, 
bei welchem der dritte und der vierte Bund im ver- 
schraubten Zustand gegeneinander anstehen. 

5. Verbindung versehen mit: 

einem Einfiihrverbindungsteil (6, 60, 110, 192, 
232, 292) mit sich verjiingenden AuBengewin- 
den mit negativen Lastflanken und positiven 
Einfiihrflanken; 

einem Aufnahmeverbindungsteil (8, 78, 128, 
186, 236, 296)mit sich verjiingenden Innenge- 
winden mit negativen Lastflanken und positiven 
Einfiihrflanken; 

dadurch gekennzeichnet, daB 

das Einfiihrverbindungsteil ein AbschluBende (24, 
75, 125, 214, 254, 314) und eine Schulter (15, 65, 
114, 202, 242, 302) aufweist, wobei das 
AbschluBende des Einfuhrverbindungsteils und/ 
Oder die Schulter des Einfuhrverbindungsteils eine 
mit einem Radius versehene Oberflache (16, 74, 
66, 122, 204, 256, 304) aufweist; 
das Aufnahmeverbindungsteil ein AbschluBende 
(35, 85, 132, 226, 272, 326) und eine Schulter (40, 
95, 145, 220, 262, 322) aufweist, wobei das Ab- 
schluBende des Aufnahmeverbindungsteils und/ 
Oder die Schulter des Aufnahmeverbindungsteils 
eine mit einem Radius versehene Oberflache (32, 
86, 96, 142, 228, 274, 328) aufweist; und 
beim Verschrauben die mit einem Radius versehe- 
ne^) Oberflache(n) des AbschluBendes und/oder 
der Schulter des Einf uhrverbinders mit der (den) mit 
einem Radius versehenen Oberflache(n) der 
Schulter und/oder des AbschluBendes des Aufnah- 
meverbindungsteils in Eingriff tritt. 

6. Verbindung gemaB Anspruch 5, bei welcher die mit 
einem Radius versehene Oberflache (16, 74, 66, 
122, 204, 256, 304, 32, 86, 96, 142, 228, 274, 328) 
konkav oder konvex ist. 

7. Verbindung gemaB Anspruch 6, bei welcher die mit 
einem Radius versehene konvexe Oberflache 
durch einen Vorsprung (32, 74, 86, 122, 228, 256, 
274, 328) gebildet ist und die mit einem Radius ver- 
sehene konkave Oberflache von einer Nut gebildet 
wird (16, 66, 96, 142, 146, 204, 244, 264). 

8. Rohrformiges Bohrgestange Oder Verbindung ge- 



maB einem der Anspriiche 1 bis 7, bei welchem/ 
welcher der Winkel (360) der positiven Flanke gro- 
Ber ist als der Winkel {362) der negativen Flanke 
(362). 

5 

9. Rohrformiges Bohrgestange oder Verbindung ge- 
maB einem der Anspriiche 1 bis 8, bei welchem/ 
welcher der Winkel (362) der negativen Flanke na- 
herungsweise 15° betragt und der Winkel (360) der 

10 positiven Flanke naherungsweise 20° betragt. 

10. Rohrformiges Bohrgestange oder Verbindung ge- 
maB einem der Anspriiche 5 bis 9, ferner versehen 
mit einem Freiraum (392) von mindestens 0,15 mm 

15 . (0,006 inch) zwischen den. Lastflanken (350) nach 
dem Einfuhren des Einfuhrverbindungsteils in das 
Aufnahmeverbindungsteil. 

11. Rohrformiges Bohrgestange oder Verbindung ge- 
20 maB einem der vorhergehenden Anspriiche, bei 

welchem/welcher ferner die Lastflanken (350, 352) 
eine kontinuierliche Radien bildende S-Form auf- 
weisen. 

25 12. Verfahren zum Herstellen einer Rohrverbindung, 
bei welchem: 

ein einGewinde aufweisendes Einfuhrteil (292) 
in ein ein Gewinde aufweisendes Aufnahmeteil 
30 (296) eingefuhrt wird; 

Eckenradien (370, 372, 374, 376) der einfiihr- 
flanken der.Einfuhr- und Aufnahmegewinde 
miteinander in Eingriff gebracht werden; 

35 

zwischen den Gewinden ein Freiraum (392, 
400) gebildet wird; 

das Einfuhrteil und das Aufnahmeteil mit Bezug 
40 zueinander verdreht werden, wobei die Gewin- 

de an dem Einfuhr- und dem Aufnahmeteil in 
Aufnahmenuten an dem Aufnahme- bzw. Ein- 
fuhrteil gefiihrt werden; 

45 mit Radien versehene Oberflachen (328, 304) 

an einem Ende des Aufnahmeteils (326) und 
einer Basis (302) des Einfuhrteils miteinander 
in Eingriff gebracht werden; 

so Last von den Einfuhrflanken (340, 342) auf die 

Lastflanken (350, 352) an den Gewinden ver- 
lagert wird; und 

die mit Radien versehenen Oberflachen (328, 
55 304) gegeneinander verriegelt werden. 

1 3. Verfahren gemaB Anspruch 1 2, bei welchem ferner 
das Einfuhrteil (292) innerhalb des Aufnahmeteils 
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(296) zentriert wird. 

14. Verfahren gemaB Anspruch 12, bei welchem das 
Einfuhrteil (292) mindestens zur Halfte in das Auf- 
nahmeteil (296) eingefuhrt wird, bevor die Eckradi- 
en (370, 372, 374, 376) miteinander in Eingriff tre- 
ten. 

15. Verfahren gemaB Anspruch 12, bei welchem die 
Einfuhrflanken (340, 342) in Eingriff treten und die 
Lastflanken (350, 352) nicht in Eingriff treten, wenn 
die Gewinde in die Nuten gefuhrt werden. 

16. Verfahren gemaB Anspruch 12, bei welchem der 
Eingriff der mit Radien versehenen Oberflachen 
(328, 304) bewirkt, dass die Last von den Einfuhr- 
fianken (340, 342) auf die Lastflanken (350, 352) 
verlagert wird. 

17. Verfahren gemaB Anspruch 12, bei welchem eine 
Verriegelungsschulter zwischen der Basis des Ein- 
fuhrteils (302) und dem Ende des Aufnahmeteils 
(326) ausgebildet wird. 

18. Verfahren gemaB Anspruch 1 2, bei welchem ferner 
das Ende (312) des Einfuhrteils und die Basis (322) 
des Aufnahmeteils miteinander in Eingriff treten, urn 
eine Verriegelungsschulter zu bilden. 

19. Verfahren zum Bohren eines Bohrlochs, bei wel- 
chem: 

eine Mehrzahl rohrformiger Bauteile (1 80, 1 82, 
184, 186, 280, 282, 284, 286) zu einem Bohr- 
gestange (150, 278) verbunden werden, wobei 
jedes der Bauteile ein mit einem Gewinde ver- 
sehenes Einfuhrverbindungsteil (60, 192) und 
ein mit einem Gewinde versehenes Aufnahme- 
verbindungsteil {78, 196) aufweist; 

die Gewinde benachbarter Einfuhr- und Auf- 
nahmeverbindungsteile miteinander in Eingriff 
gebracht werden, urn benachbarte rohrfomnige 
Bauteile miteinander zu verbinden; 

mindestens ein Satz von Verriegelungsschul- 
tem (65, 202, 95, 220) an dem Einfuhrverbin- 
dungsteil und dem Aufnahmeverbindungsteil 
an jeder Verbindung miteinander in Eingriff ge- 
bracht werden; 

Hakenlastflanken an den Gewinden der Ein- 
fuhr- und Aufnahmeverbindungsteile miteinan- 
der in Eingriff gebracht werden; 

das Bohrgestange gedreht und angetrieben 
wird, urn das Bohrloch zu bohren; 
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Kompression an dem Bohrgestange an den 
Verriegelungsschultem absorbiert wird, wenn 
das Bohrgestange in das Bohrloch getrieben 
wird; 

die Verbindungen zyklisch gebogen werden, 
wenn das Bohrgestange gewundene Bereiche 
des Bohrlochs passiert; 

der Eingriff der Verriegelungsschultem und 
Lastflanken wahrend dem zyklischen Biegen 
aufrecht erhalten wird; 

an dem Bohrgestange ein Erweiterungsbohrer 
befestigt wird; 

der Erweiterungsbohrer an dem Bohrgestange 
durch das Bohrloch zuruck gezogen wird; und 

Spannung an dem Bohrgestange an den Last- 
flanken absorbiert wird, wenn der Erweite- 
rungsbohrer durch das Bohrloch zuruckgezo- 
gen wird. 



Revendications 

1 . Garniture de forage tubulaire comportant : 

une premiere tige et une seconde tige ayant 
des diametres interieurs (12, 200, 42, 218) et 
exterieurs (10,198, 28,216); 
une extremite male sur ledit premier tube ayant 
un premier epaulement (1 5, 202, 302), des pre- 
miers filets presentant des f lanes de charge ne- 
gatifs (350) et des flancs de guidage positifs 
(340), et une premiere extremite radiale (24, 
214, 314), ledit premier epaulement ayant une 
premiere collerette (14, 206) et une premiere 
gorge (16, 204, 304) avec une premiere 
surface ; 

une extremite femelle sur iadite seconde tige 
ayant une seconde extremite radiate (35, 226, 
326), des seconds filets presentant des flancs 
de charge negatifs (352) et des flancs de gui- 
dage positifs {342) pour un engagement par 
vissage avec lesdits premiers filets, et un se- 
cond epaulement (40, 220, 322), Iadite secon- 
de extremite radiale ayant une seconde colle- 
rette (30) et un second element en saillie (32, 
228, 328) presentant une seconde surface po- 
sition nee sur Iadite extremite femelle de Iadite 
seconde tige pour etre recu par Iadite premiere 
gorge sur Iadite extremite m§le lors du vissage 
du raccord ; lesdites premiere et seconde sur- 
faces etant arrondies af in d'augmenter le con- 
tact de surface entre lesdites extremites male 
et femelle lorsqu'un couple est applique lors du 
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vissage ; et ladite premiere extr6mit6 radiale 
etant en appui sur ledit second epaulement lors 
du vissage. 

2. Garniture de forage tubulaire selon la revendication 

1 , dans laquelle lesdites premiere et seconde col- 
lerettes (30, 206, 20) sont en appui lors du vissage. 

3. Garniture de forage tubulaire selon la revendication 

2, dans laquelle ledit second epaulement (40, 220, 
322) comporte une troisieme collerette et une se- 
conde gorge ayant une troisieme surface, et ladite 
premiere extremite radiale presente une quatrieme 
collerette et un premier element en saillie avec une 
quatrieme surface, lesdites troisieme et quatrieme 
surfaces etant arrondies afin d'augmenter le con- 
tact de surface entre lesdites extremites male et fe- 
meile lorsqu'un couple est applique tors du vissage. 

4. Garniture de forage tubulaire selon la revendication 

3, dans laquelle lesdites troisieme et quatrieme col- 
lerettes sont en appui lors du vissage. 

5. Assemblage comportant : 

un raccord male (6, 60, 110, 192, 232, 292) 
ayant des filets coniques exterieurs presentant 
des f lanes de charge negatifs et des f lanes de 
guidage positifs ; 

un raccord femelle (8, 78, 128, 186,236, 296) 
ayant des raccords coniques interieurs presen- 
tant des f lanes de charge negatifs et des flancs 
de guidage positifs ; 

caracterise en ce que 

ledit raccord male a une extremite terminale 
(24, 75, 125, 214, 254, 314) et un epaulement (15, 
65, 114, 202, 242, 302), au moins I'un de ladite ex- 
tremite terminale du raccord male et dudit epaule- 
ment du raccord male ayant une surface arrondie 
(16, 74, 66,122, 204, 256,304); 

ledit raccord femelle ayant une extremite ter- 
minale (35, 85, 132, 226, 272, 326) et un epaule- 
ment (40, 95, 145, 220, 262, 322), au moins I'un de 
ladite extr6mit6 terminale du raccord femelle et du- 
dit epaulement du raccord femelle ayant une surfa- 
ce arrondie <32, 86, 96, 142, 228, 274, 328) ; et 

ladite ou lesdites surfaces arrondies de ladite 
extremite terminale et/ou de I'epaulement du rac- 
cord male entrant en prise, lors du vissage, avec 
ladite ou lesdites surfaces arrondies dudit epaule- 
ment et/ou de ladite extremite terminale du raccord 
femelle, respectivement. 

6. Assemblage selon la revendication 5, dans lequel 
ladite surface arrondie (16, 74, €6, 122, 204, 256, 
304, 32, 86, 96, 142, 228, 274, 328) est concave ou 
convexe. 



7. Assemblage selon la revendication 6, dans lequel 
ladite surface arrondie convexe est formee par une 
protuberance (32, 74, 86, 122, 228, 256, 274, 328) 
et ladite surface arrondie concave est formed par 

5 une gorge (16, 66, 96, 142, 146, 204, 244, 264). 

8. Garniture de forage tubulaire ou assemblage selon 
Tune des revendications 1 a 7, dans lequel ledit an- 
gle de flanc positif (360) est plus grand que ledit an- 

10 gle de flanc negatif (362). 

9. Garniture de forage tubulaire ou assemblage selon 
Tune des revendications 1 a 8, dans lequel ledit an- 
gle de flanc negatif (362) est d'environ 15 Q et ledit 

is angle de flanc positif (360) est d'environ 20°. 

10. Garniture de forage ou assemblage selon I'une des 
revendications 5 a 9, comprenant en outre un es- 
pace (392) d'au moins 0,15 mm (0,006 inch) entre 

20 lesdits flancs de charge (350) lors d'un guidage du- 
dit raccord male dans ledit raccord femelle. 

1 1 . Garniture de forage ou assemblage selon I'une des 
revendications precedentes, comprenant en outre 

25 le fait que lesdits flancs de charge (350, 352) ont 
des rayons continus constituant une forme en S. 

12. Procede de vissage d'un assemblage tubulaire, 
comprenant : 

30 

le guidage un element male filete (292) dans 
un element femelle filete (296) ; 
la mise en prise d'arrondis d'angles (370, 372, 
374, 376) sur les flancs de guidage des filets 
35 male et femelle ; 

la formation d'un espace (392, 400) entre les- * 
dits filets ; 

la rotation des elements male et femelle I'un par 
rapport a I'autre ; le guidage desdits filets sur 
40 I'element male et I'element femelle dans des 

gorges conjugu6es sur I'element male et femel- 
le correspondant ; 

I'engagement de surfaces arrondies (328, 304) 
sur une extremite de I'element femelle (326) et 
45 une base (302) de I'element male ; 

la translation de la charge des flancs de guida- 
ge (340, 342) aux flancs de charge (350, 352) 
sur les filets ; et 

le blocage des surfaces arrondies (328, 304). 

50 

13. Procede selon la revendication 12, comprenant en 
outre le centrage de I'element male (292) dans I'ele- 
ment femelle (296). 

55 14. Proc6de selon la revendication 12, comprenant en 
outre le guidage de I'element male<292) au moins 
a mi-chemin dans I'element femelle (296) avant 
I'engagement des arrondis d'angles (370, 372, 374, 
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15. Procecte selon la revendication 12, comprenant en 
outre Pengagement des flancs de guidage (340, 
342) et le non-engagement des flancs de charge $ 
(350, 352) lorsque les filets sont guides dans les 
gorges. 

16. Precede selon la revendication 12, dans lequel I'en- 
gagernent desdites surfaces arrondies (328, 304) io 
fait passer la charge des flancs de guidage (340, 
342) aux flancs de charge (350, 352). 

17. Precede selon la revendication 12, comprenant en 
outre la formation d'un epaulement de blocage en- « 
tre la base male (302) et I'extremite femelle (326). 

18. Precede selon la revendication 12, comprenant en 
outre I'engagement de I'extremite male (312) et de 

la base femelle (322) pour former un epaulement 20 
de blocage. 

19. Proced6 de forage d'un sondage, comprenant : 

le raccordement de plusieurs elements tubulai- 25 
res (1 80, 1 82, 1 84, 1 86, 280, 282, 284, 286) en 
une garniture de forage (150, 278), chacun 
d'eux ayant un raccord male f ilete (60, 1 92) et 
un raccord femelle filete (78, 196) ; 
I'engagement des filets de raccords m§le et f e- 30 
me He adjacents pour raccorder des elements 
tubulaires adjacents ; 

I'engagement d'au moins un jeu d'epaulements 
de blocage (65, 202, 95, 220) sur les raccords 
male et femelle a chaque assemblage ; 35 
I'engagement de flancs de charge a crochets 
sur les filets des raccords male et femelle ; 
la rotation et I'entramement de la garniture de 
forage pour forer le sondage ; 
I'absorption d'une compression sur la garniture *o 
de forage au niveau des epaulements de blo- 
cage pendant que la garniture de forage est en- 
foncee dans le sondage ; 
le cintrage de facon cycltque des assemblages 
au passage de la garniture de forage dans des 45 
portions sinueuses du sondage ; 
le maintien de I'engagement des epaulements 
de blocage et des flancs de charge lors du cin- 
trage cyclique ; 

la fixation d'un aleseur sur la garniture de so 
forage ; 

la remontee par traction dans le sondage de 
I'aleseur sur la garniture de forage ; et 
i'absorption de la traction imposee a la garnitu- 
re de forage au niveau des flancs de charge 55 
pendant que I'aleseur est remonte en etant tire 
dans le sondage. 
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Fig 1a 
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